Two simple, rapid and sensitive spectrophotometric methods have been proposed for the determination of vanadium(V) using butaperazine dimaleate (BPD) and propionyl promazine phosphate (PPP). These methods are based on the formation of red-colored radical cations on reaction with vanadium(V) in phosphoric acid medium, with their absorbance maxima at 513 nm. Beer's law is valid over the concentration range of 0.25 -5.0 µg ml -1 and 0.2 -4.0 µg ml -1 , with Sandell's sensitivity values of 6.1 ng cm -2 and 6.0 ng cm -2 for BPD and PPP respectively. The proposed methods have been successfully applied to the analysis of vanadium steels, minerals, biological samples and soil samples.
1
Environmental scientists have declared vanadium as a potentially dangerous chemical pollutant that can play havoc with the productivity of plants, crops and the entire agricultural system. High amounts of vanadium are said to be present in fossil fuels, such as crude petroleum, fuels, oils, some coals and lignite. Burning of these fuels releases vanadium into the air, that then settles on the soil. There are cases of vanadium poisoning, the symptoms of which are nervous depression, coughing, vomiting, diarrhoea, anaemia and increased risk of lung cancer; such afflictions are sometimes fatal. 2 Vanadium has also been reported as the index element in urban environmental pollution, especially air pollution. 3 Vanadium in environmental samples has been determined by NAA, 4 ICP-AES 5 and AAS. 6 The first two methods are disadvantageous in terms of cost and instruments used in routine analysis. AAS is often lacking in sensitivity and is affected by matrix conditions of samples such as salinity. A number of catalytic methods having high sensitivity were reported. [7] [8] [9] [10] Catalytic solvent extraction methods are highly sensitive but are generally lacking in simplicity. Hence, accurate determination of vanadium at trace levels using simple and rapid methods is of paramount importance. Several spectrophotometric methods for the determination of vanadium(V) have been reported, using various reagents such as anthranillic acid in the presence of o-phenanthroline, 11 3-hydroxy-2-(4-methoxyphenyl)-6-methyl-4H-chromen-4-one, 12 N-p-bromophenyl thiobenzohydroxamic acid 21 and Pyrogallol. 22 But most of these methods suffer from a number of limitations such as interferences by large number of ions; 11-13 requiring extraction, [14] [15] [16] heating and standing for a long time for color development 17 followed by extraction; 18 reduction to lower oxidation state followed by color development and extraction 19 or reduction and heating for color development followed by extraction; 20 or lack of sensitivity. 11, 13, 20, 22 A literature survey revealed that butaperazine dimaleate (BPD) and propionyl promazine phosphate (PPP) have not been used for the spectrophotometric determination of vanadium(V) so far. In the present investigation we report two simple, rapid and sensitive spectrophotometric methods for the determination of vanadium(V) using BPD and PPP. The methods have been successfully applied for the analysis of real samples.
Experimental

Apparatus
A Hitachi (Model U-2001) UV-visible spectrophotometer with 1 cm matched quartz cells was used for the absorbance measurements.
Reagents and samples
All chemicals were of analytical or pharmaceutical grade and quartz-processed high-purity water was used throughout.
A stock solution of vanadium(V) was prepared using ammonium metavanadate (AR) in 100 ml distilled water and were standardized using iron(II) solution. It was diluted to give a standard solution of 50 µg ml -1 vanadium(V). Each 0.2% solution of BPD and PPP was prepared separately. The aqueous solution of BPD is stable for 8 months and that of PPP is stable for 6 months, if stored in a refrigerator and protected from light. A 10 M H3PO4 was used throughout the study. Solutions of diverse ions of suitable concentrations were also prepared.
Determination of vanadium(V)
To a known volume of metal ion solution were added 7.5 ml or 5 ml of H3PO4 for BPD or PPP and 1 ml of BPD or 2 ml of PPP. The volume was made up to 25 ml with distilled water.
ANALYTICAL SCIENCES AUGUST 2001, VOL. 17 2001 © The Japan Society for Analytical Chemistry
The solution was mixed well and the absorbances were measured at 513 nm. The amount of vanadium(V) in the sample solution was deduced from the calibration curve.
Analysis of vanadium steel and ilmenite mineral
An accurately weighed amount of vanadium steel or ilmenite mineral (0.5 g) was brought into solution as reported earlier. 23 Suitable aliquots were taken and analyzed for vanadium(V) in both samples.
Determination of vanadium in urine sample
A known amount of vanadium(V) was added to a urine sample (30 ml), taken in a 100 ml micro-Kjeldahl flask. A 5-ml portion of concentrated HNO3 was added and the flask was placed on a digester under gentle heating. When the initial brisk reaction was over, the solution was removed and cooled. A 1-ml drop of concentrated H2SO4 was added carefully, followed by the addition of 70% perchloric acid; heating was continued to dense white fumes. Heating was continued for at least 30 min and then the sample was cooled. The contents of the flask were filtered and diluted up to the mark with distilled water in a 100 ml calibrated flask. A suitable aliquot of urine sample was taken and analyzed using the procedure outlined earlier.
Determination of vanadium in soil samples
Soil samples spiked with vanadium(V), obtained from Soil and Agricultural Chemistry, University of Agricultural Sciences, Dharwad, were brought into solution following the standard method. 24 An aliquot of the solution was taken, acidified with 10 M H3PO4, and analyzed following the procedure as described above.
Results and Discussion
Vanadium(V) instantaneously oxidizes BPD or PPP at room temperature in sulfuric, hydrochloric, phosphoric or acetic acid medium to give a red colored species that is believed to be a radical cation, 25 which is irreversibly oxidized to a colorless sulfoxide with the loss of one more electron, as shown in Fig. 1 . The formation of radical cations was also confirmed by passing an aliquot of the solution through cation and anion exchange resins. Only the cation exchange resin retained the red colored species, indicating the cationic nature of the red colored species. The red colored radical cations absorb at 513 nm, where the reagent blanks do not absorb appreciably, as shown in Fig. 2 . The stability and sensitivity of the red radical cations depend on the nature and the concentration of the acid medium used. These species are unstable in hydrochloric acid and in sulfuric acid and do not give maximum color intensity in acetic acid medium. They attained maximum color instantaneously in 2 -4 M and 1 -3 M H3PO4 medium for BPD and PPP, respectively. Hence, phosphoric acid was selected for the study because of the higher sensitivity and longer stability of the colored species. A 6-and 8-fold molar excess of BPD and PPP are necessary for maximum color development. Below this concentration of BPD or PPP, less intense and unstable colored species were observed. It was also observed that the excess of the reagent had no effect either on the stability, sensitivity or on λmax. However, a 8-and 9.5-fold molar excess of BPD and PPP were used for the study. It was also observed that there was no appreciable change in the absorbance if the order of addition of reagents was varied. The absorbance values remained constant for 40 min in the temperature range of 15 -50˚C.
Analytical features
The to be 6.1 and 6.0 ng ml -1 for BPD and PPP, respectively. Regression analyses of Beer's law plots at 513 nm revealed a good correlation (r = 0.9989 and 0.9991). Graphs of the absorbance versus the concentration showed low intercept values (0.047 and 0.038) and slope (0.1269 and 0.1315) and are described by a regression equation, Y = a + bX (where Y is the absorbance of a 1 cm layer, b is the slope, a is the intercept and X is the concentration of the drug in µg ml -1 ), obtained by the least-squares method. The low relative standard deviation values (0.93 and 1.06) and the range of error at 95% confidence level (0.64 and 0.81) for the analyses of six replicates of 3 µg ml -1 of V(V) indicated good precision and accuracy of the proposed methods.
Effect of diverse ions
In order to assess the analytical potential of the proposed methods, effects of some diverse ions which often accompany vanadium(V) were examined by carrying out the determination of 3 µg ml -1 of vanadium(V) in the presence of a number of other ions. An ion was considered to interfere with the determination if the absorbance values obtained differed by more than ±2% from that for vanadium(V) alone. The oxidizing agents such as Cr(VI) and Ce(IV) interfere seriously with the determination of V(V). The results are shown in Table  1 .
Analysis of steels and ilmenite mineral
The results of the analysis of steels and ilmenite presented in Table 2 are in good agreement with the certified values. The low relative standard deviation values (0.54 -1.11) for analyses of five replicates indicated good precision of the proposed methods.
Analysis of vanadium in soil and urine samples and comparison with the reported method 26
The vanadium(V) was added to soil and urine samples which showed negative test for vanadium(V) and samples were analyzed as stated earlier. The recovery of vanadium(V) was found to be satisfactory. The results of the analysis of urine and soil samples are given in Table 3 . The results were statistically compared by Students t-test and by the variance ratio F-test with those obtained by the reported method. 26 The Students t-values at 95% confidence level did not exceed the theoretical values, indicating that there was no significant difference between the proposed and reported method. It was also noticed that the variance ratio F-values calculated for p = 0.05 did not exceed the theoretical values, indicating that there was no significant difference between the precision of the proposed methods and the reported method.
Thus the proposed methods can be used as alternative methods for the investigation of micro amounts of vanadium in minerals, steels, soil and biological samples, as the associated substances in these materials do not interfere with the determination of vanadium(V). 
